Abstract
INTRODUCTION
Upper gastrointestinal malignancy, comprised of es ophageal and gastric cancer, represents nearly 42000 new diagnoses per year in the United States. These diagnoses carry a high diseaserelated mortality, causing an estimated 26000 deaths annually [1] . Patients with esophageal and gastric malignancies often present in a malnourished state, with significant unintentional weight loss a common sign of disease. Such weight loss has been associated with worse outcomes following resection [2] . Adequate nutrition for patients undergoing resection is critical in order to recover from the operation and to successfully undergo adjuvant therapy.
Nutritional support modalities include enteral nutrition via feeding tubes and parenteral nutrition (PN) via central venous catheters. Enteral feeding is preferred as it has been shown to maintain the epithelial lining of the gut in animals, with limited evidence of the same in humans [3, 4] . However, enterallyfed patients are often unable to meet prescribed caloric goals due to postoperative dys motility, tube malfunctions, missed feedings, or other reasons [5, 6] . Parenteral nutrition has been used post operatively when patients demonstrate that they are unable to orally or enterally achieve adequate caloric intake, with the benefit of consistent nutritional support. However, parenteral nutrition has been associated with a higher incidence of infectious complications [7] . Regard ing oncology patients, Bozzetti et al [8] randomized 317 patients undergoing major gastrointestinal cancer resec tion to either enteral or parenteral nutritional support immediately postoperatively, finding lower overall, and specifically infectious, complication rates in enterally supported patients.
Options for nutritional support following upper gas trointestinal resection include needle catheter jejunos tomy, Stamm or Witzel jejunostomy, or nasojejunal feeding tube placement [914] . In some centers, feeding jejunostomy (FJT) is routinely performed following esophagectomy or total gastrectomy, with more selective utilization with subtotal gastrectomy. However, other groups advocate selective use of FJT to minimize tube related complications [15] . This study examined parenteral nutrition administration and feeding tube utilization rates at the time of discharge in order to better assess the need for enteral support following upper gastrointestinal resection.
MATERIALS AND METHODS
The medical records for all patients who underwent esophagectomy and total or subtotal gastrectomy with curative intent from January 2001 to December 2014 were identified from a prospectivelymaintained database. Patients' demographic information, pro cedure performed, utilization of nutritional support, postoperative length of stay, and postoperative com plications were obtained from the medical record. Surgical complications within 30 d after the operation were graded using a surgical secondary events grading system, as described elsewhere, in which grade 1 complications required local or bedside care; grade 2 complications required invasive monitoring or intravenous medication; grade 3 complications required an operation, interventional radiology procedure, intubation, or thera peutic endoscopy; grade 4 complications resulted in a persistent disability or required major organ resection; and grade 5 complications resulted in death [16] . Nutritional support was considered to have been utilized if the patient was not able to achieve adequate oral intake during hospital admission and therefore (1) received PN postoperatively while an inpatient and/ or home PN at time of discharge or (2) required tube feeds to meet caloric goals at the time of discharge. PN was administered via triplelumen subclavian or internal jugular venous lines or peripherallyinserted central catheters. Of note, all PN in our institution is managed by a physicianled multidisciplinary team in conjunction with the primary service. All of the surgeons performing upper GI resections were observed by a second attending for a minimum of five cases to ensure technical uniformity and quality of feeding jejunostomy placement in order to confirm that the complications were not technical in nature. Jejunostomy was performed in conjunction with upper gastrointestinal resection in order to gain enteral access to (1) provide nutritional support in the immediate postoperative phase or (2) supplement caloric intake in the event that the patient could not meet nutritional goals with oral intake. Feeding jejunostomyrelated complications were considered as such when an invasive intervention was required, such as interventional radiology procedure or reoperation; improper tube function such as clogging was not considered a complication.
Our institutional esophagectomy protocol is to keep the patient nil per os for seven days after resection, with nasogastric tube decompression of the conduit until postoperative day six. Trophic tube feeds are started on postoperative day two and slowly advanced to goal. Patients undergo thin barium swallow to evalu ate for anastomotic leak on postoperative day seven, and if negative they are advanced first to clear liquids, then full liquids, and finally postesophagectomy diet. If calorie counts demonstrate adequate intake, the patients are discharged without tube feeds. Tube feeds are continued on discharge if patients are unable to take oral diet or do not meet caloric requirements by mouth.
Our institutional subtotal gastrectomy protocol is to keep the patient nil per os with nasogastric tube decompression until the patient has return of bowel function. The tube is removed and the patient's diet is advanced as tolerated from clear liquids to post gastrectomy diet. The total gastrectomy protocol is to keep the patient nil per os with nasogastric tube decompression until they undergo diatrizoic acid swallow to evaluate for anastomotic leak, on postoperative day seven. If the study is negative, the nasogastric tube is removed and the patient is advanced first to clear liquids, then full liquids, and finally postgastrectomy diet. Enteral feeds are started in patients who are unable to tolerate oral feedings within the seven to ten days following operations. If calorie counts demonstrate adequate intake, the patients are discharged without tube feeds. Tube feeds are continued on discharge if patients are unable to take oral diet or do not meet caloric requirements by mouth.
All patients meeting inclusion criteria were identified and followed up for a minimum of 180 d or until death. Data were analyzed using SAS statistical software, version 5.0 (SAS Institute, Inc., Cary, NC). Data were expressed as percentages in the case of categorical variables. Frequencies were compared by the χ 2 test.
Means of continuous variables were analyzed using t test or ANOVA. All reported P values were twotailed and for all tests values less than 0.05 were considered significant. This study was approved by the institutional review board at Rhode Island Hospital.
RESULTS
Resection of an upper gastrointestinal malignancy was performed in 287 patients. The median patient age and proportion of males were similar between the esophagectomy and gastrectomy groups. There was no significant difference in mean length of stay groups (14.7 d vs 17.1 d, P = 0.076). Within the gastrectomy group, the median length of stay was significantly longer for the TG group compared to the SG group (16 d vs 10 d, P = 0.0002). Patients were more likely to be fully dependent on tube feeds at discharge following esophagectomy than gastrectomy (n = 53, 29.3% vs n = 3, 6.4%; P = 0.0006). Within 30 d of operation, 52.4% of TG and 29.6% of SG patients experienced complications, compared to 91 patients (50.0%) from the esophagectomy group. Major complications (grade 35) occurred in 59 esophagectomy patients and 26 gastrectomy patients (32.6% vs 24.8%, P = 0.18). Feeding tube-specific complications requiring reoperation within 30 d of operation occurred in 6 of 47 gastrectomy patients (12.8%), all within the TG group (P = 0.23).
Complications were comprised of closedloop obstruction around the feeding tube (n = 2), feeding tube leak (n = 2), small bowel perforation (n = 1), and multiorgan failure after initiation of tube feeds (n = 1). Conversely, within the esophagectomy group, only one jejunostomy tuberelated major complication presented in followup, a small bowel obstruction at the jejunostomy site in a patient who had undergone transhiatal esophagectomy who required reoperation (Table 1) .
Between January 2001 and June 2014, 182 patients underwent esophagectomy for esophageal malignancy with curative intent (Figure 1 ). Patients' median age was 64.0 years and 145 were male (79.7%). The predominant tumor type consisted of adenocarcinoma (n = 158, 86.8%), followed by squamous cell carcinoma (n = 15, 8.2%), high grade dysplasia (n = 8, 4.3%), and neuroendocrine tumor (n = 1, 0.5%). The primary tumor was located in the middle third of the esophagus in 11 patients (6.0%), lower third in 144 patients (79.1%), and at the gastroesophageal junction in 27 patients (14.8%). One hundred and seven patients (58.7%) underwent transhiatal esophagectomy, 56 patients (30.7%) had IvorLewis esophagectomy, 10 patients (5.4%) underwent threeincision esophagectomy, and 9 patients (4.9%) had thoracoabdominal esophagectomy. Endoscopic ultrasound was used during preoperative staging in 70 patients (38.4%). Neoadjuvant induction therapy was administered to 114 patients (62.6%).
Between January 2004 and December 2013, 105 patients underwent total gastrectomy (TG) (n = 42, 40%) or subtotal gastrectomy (SG) (n = 63, 60%) (Figure 2 ). The TG and SG groups had similar proportions of males (66.7% each), however, the TG group was younger compared to the SG group (66.6 years vs 72.7 years, respectively, P = 0.018). Pre operative albumin was obtained from the medical record in 36 TG patients (85.7%) and 41 SG patients (65.1%); mean albumin was higher in the TG group compared to the SG group (3.5 vs 3.2, P = 0.024). A feeding jejunostomy tube was placed in 181 of the 182 esophagectomy patients (99.5%). At the time of discharge, 87 esophagectomy patients (48.1%) required tube feeds for nutritional supplementation, of whom 53 (29.3%) were fully and 34 (18.8%) were partially reliant (Table 2 ). There was no association between tube feed requirement and age, gender, tumor type, or administration of induction therapy. Patients who had undergone transhiatal esophagectomy were more likely to require tube feeds at discharge than patients who underwent IvorLewis esophagectomy (64 of 107 transhiatal, 59.8% vs 14 of 56 IvorLewis, 25.0%; P < 0.0001) (Table 3) . Meanwhile, seven patients (3.9%) were discharged on parenteral nutrition, four for chylothorax and three having had the feeding tube removed on reoperation (for hemoperitoneum, evisceration, and anastomotic leak). Of the patients with transhiatal esophagectomy, 56 of 107 patients (52.3%) had a complication, of which 34 were cervical anastomotic leak (31.8%). Fifteen of 56 patients (26.8%) with IvorLewis esophagectomy experienced complications, of which four were anastomotic leaks (7.1%). The difference in anastomotic leak rate be tween the two approaches was statistically significant (P = 0.0003).
A feeding jejunostomy tube was placed for 47 of the 105 gastrectomy patients (44.8%), of which significantly more were performed for the TG than the SG group (92.9% vs 12.9%, P < 0.0001). After TG with feeding tube, 20 of 39 patients (51.3%) were fully (n = 3, 7.7%) or partially (n = 17, 43.6%) dependent on tube feeds at the time of discharge, whereas after SG with feeding tube, 5 of 8 (62.5%) were partially dependent and no patients were fully dependent on tube feeds (Table 4) . Need for tube feedbased nutritional support in gastrectomy patients was not associated with extent of resection (51.3% TG vs 62.5% SG, P = 0.56). During 
DISCUSSION
Although both esophageal and gastric malignancies are classified as being upper gastrointestinal, nutritional recovery after resection of each is significantly different. The surgeon must consider not just the patient's pre operative nutritional status but the planned resection, the potential complications, and the various methods of nutritional support available. This study illustrates those tenets, with variable reliance on enteral supplementation between transhiatal and IvorLewis esophagectomy and between subtotal and total gastrectomy, as well as a substantial feedingtube related major complication rate. Older literature has suggested that feeding jejunostomy placement is a welltolerated, lowrisk additional pro cedure that secures enteral access following esophagec tomy and total gastrectomy [9] . The operative approach to esophagectomy has its attendant risks and complication profiles. The transhiatal esophagectomy is thought to accept a higher rate of lowergrade morbidity in that a cervical anastomosis is more likely to leak but is less detrimental to the patient. Meanwhile, the IvorLewis approach is believed to provide a lower likelihood of anastomotic leak with the understanding that such a leak is more devastating given the resultant mediastinitis. Of note, randomized controlled trials have not borne out such beliefs [17] . In our series, the IvorLewis approach to esophagectomy was associated with lower feeding tube utilization rates at discharge compared to the transhiatal approach (25.0% vs 59.8%, respectively; P < 0.0001). As the inability to use the reconstructed conduit is the most likely reason for need for nutritional support following esophagectomy, the difference in tube utilization rates was most likely related to lower leak rates of intrathoracic anastomoses (7.1%) vs cervical anastomoses (31.7%).
The extent of gastric resection determines the reconstruction approach, typically either Billroth II Table 3 Tube feed reliance by esophagectomy approach n (%) gastrojejunostomy following subtotal gastrectomy or RouxenY esophagojejunostomy following total gastrectomy. The lack of a gastric remnant eliminates the accommodating reservoir function of the stomach and requires a second anastomosis involving the small bowel. For these and other reasons, feeding jejunostomy placement is often routinely performed in conjunction with total gastrectomy and more selectively done with subtotal gastrectomy. In our series, feeding jejunostomy tube placement was more frequently placed during total than subtotal gastrectomy (92.9% vs 12.7%, P < 0.0001). Despite the significant difference in the frequency of feeding tube placement, tube utilization rates at the time of discharge were similar (51.3% vs 62.5%, respectively; P = 0.56). While the majority of patients who undergo subtotal gastrectomy will recover without requiring nutritional support, the relatively high tube utilization rate likely reflects a preference for enteral nutritional support instead of parenteral support when enteral access has already been established. This is evidenced in that no patient who underwent subtotal gastrectomy with feeding tube placement also received parenteral nutrition. Our traditional institutional practice has been to routinely place FJT at the time of esophagectomy, while tube placement at the time of gastric resection has been more selective, with a higher rate of feeding jejunostomy following total gastrectomy than subtotal resection. Intraoperative feeding jejunostomy place ment does not guarantee consistent enteral access or obviate the need for parenteral nutrition for post operative supplementation. In the esophagectomy group, seven patients (3.9%) received parenteral nutrition to meet caloric goals since four patients deve loped chylothorax and three patients had their feeding jejunostomy removed at reoperation for intraabdo minal complications. Following gastrectomy, eleven of fortyseven patients (23.4%) who underwent feeding tube placement required parenteral nutrition. Six of these patients were given parenteral nutrition as a direct result of having developed tuberelated major complications requiring reoperation. Of the remaining five patients, three had other intraabdominal com plications precluding tube feed administration and two demonstrated tube feed intolerance. Meanwhile, eleven of fiftyeight patients (19.0%) who underwent gastric resection without feeding jejunostomy placement re quired parenteral nutrition as a bridge to adequate oral caloric intake.
Feeding tube-specific complication rates within 30 d were identified in seven of 228 patients (3.1%), which is consistent with rates published in other series. However, nearly all tuberelated complications occurred following gastrectomy, for a complication rate of 12.8% (6 of 47), all of whom had undergone total gastrectomy. All tube related complications were major, requiring invasive procedure or reoperation for indications such as bowel ischemia, bowel perforation, or acute obstruction. This tube complication rate might be considered higher than expected, but it is consistent with the study by Llaguna et al [18] in which 18 of 73 patients (24.7%) experienced a jejunostomy tuberelated complication, with 10 patients (13.7%) experiencing a complication requiring reoperation or interventional radiology procedure. In addition, Patel et al [19] demonstrated that in a population of 132 patients who underwent total or subtotal gastrectomy, feeding jejunostomy placement was associated with a greater frequency of any grade complication (59% vs 41%, P = 0.04) and specifically any infectious complication (36% vs 17%, P = 0.01).
Of note, the rate of major complications was not significantly different, and the authors did not separately identify tuberelated complications. Only tube placement was associated with postoperative complications on multivariate analysis, whereas age, functional status, T stage, N stage, and extent of resection were not. The higher rate of tube-specific complications following total gastrectomy compared to subtotal gastrectomy or esophagectomy in the absence of technical error suggests an inherent difference in postoperative recovery. The combination of the lack of a gastric rem nant with the performance of D2 lymphadenectomy and RouxenY reconstruction may place the small bowel at greater risk of impaired recovery and therefore greater likelihood of tuberelated complications. Overall tube utilization rates at discharge were on the order of fifty percent for both esophageal and gastric resection. While the optimal time for placing a feeding jejunostomy tube is at the time of resection, this does not mean that it should be done solely for sake of ease or potential prophylaxis, as half of patients will recover to discharge without the need for prolonged tube feeds. Specific resections were associated with need for tube feed supplementation, as patients who underwent transhiatal esophagectomy more frequently required nutritional supplementation at that time of discharge compared to IvorLewis esophagectomy (59.8% vs 25.0%, respectively; P < 0.0001). A similar distinction was also seen when comparing total and subtotal gastrectomy patients (61.9% vs 25.4% res pectively, P = 0.0004).
Parenteral nutrition has its own risks, such as central line sepsis, but has an advantage in that the decision to administer nutritional support may be postponed until the postoperative phase of recovery, when patients' early postoperative courses can better indicate a need for such support. An alternative method of enteral access that is receiving more attention is nasojejunal tube placement at operation [13, 14] . This modality is less invasive than jejunostomy tubes or central lines with fewer associated complications, but is more aimed towards supplemental nutrition while the patient is in house as opposed to longterm. Since the placement of a nasojejunal tube adds essentially no morbidity to the operation, our practice has shifted to routinely place these tubes at the time of total or subtotal gastrectomy in order to provide nutritional support.
Given suboptimal tube utilization rates, significant feeding tuberelated complication rates, and the presence of alternative methods of nutritional supple mentation, we would argue that feeding jejunostomy placement should not be considered an obligatory component of any upper gastrointestinal resection. Although this study is prospective in nature, it is limited in its generalizability to patients with upper gastro intestinal malignancy. Despite that, our data suggest that the majority of patients who undergo IvorLewis esophagectomy or subtotal gastrectomy will recover adequate oral caloric intake in the short term. In addition, enteral supplementation via nasojejunal tube placement may be a preferable method of nutritional delivery following total gastrectomy. By reducing the frequency of feeding jejunostomy placement, tube related complications would be minimized and tube utilization rates would be improved. How best to predict the need and optimal route for postoperative nutritional support would be optimally assessed in a randomized, prospective manner.
In conclusion, nutritional recovery following upper gastrointestinal resection for malignancy must be asse ssed according to the specific pathology being treated. Esophagectomy and gastrectomy have different risks based on operative approach and complication profiles. Feeding jejunostomy was associated with significant tuberelated complications, particularly following total gastrectomy. This study suggests that jejunostomy tube placement is not obligatory following upper gastro intestinal resection for malignancy and that alternative methods of nutritional supplementation such as paren teral nutrition or nasojejunal tube placement are potenti ally better tolerated and allow enhanced patient selection for nutritional support.
COMMENTS

Background
Adequate nutrition has been demonstrated to be critical to the recovery process after major resection. Various methods of nutritional support may be employed, including but not limited to parenteral nutrition, nasojejunal tube feeds, or jejunostomy tube feeds. At many institutions, feeding jejunostomy tubes (FJT) are often placed as a matter of routine in conjunction with resection of upper gastrointestinal malignancy in order to gain enteral access for support during the immediate post-operative phase as well as in anticipation of adjuvant chemotherapy. This study evaluated the actual utilization rates of such feeding tubes upon discharge as well as to assess tube-related complication rates.
Research frontiers
Feeding jejunostomy has been widely studied in esophageal resection, but limited literature has evaluated them in major gastric resection. Although both esophageal and gastric malignancy are in the upper gastrointestinal tract, they are unique neoplasms and comparing utilization rates in each patient population has not been done to date.
Innovations and breakthroughs
In this study, tube utilization rates at discharge for both patient populations were on the order of 50%. However, utilization rates were higher in the subpopulations of total gastrectomy and transhiatal esophagectomy. Major tube-related complications were 3.1%; these were predominantly experienced by patients who underwent total gastrectomy. Meanwhile, Ivor-Lewis esophagectomy and subtotal gastrectomy patients were more likely to achieve adequate oral nutritional intake prior to discharge home.
Applications
This study suggests that nasojejunal feeding tube placement may be a preferred route of nutritional support over feeding jejunostomy following Ivor-Lewis esophagectomy and subtotal gastrectomy. This method of nutritional delivery has potential benefit as well for transhiatal esophagectomy and total gastrectomy patients, while avoiding the complications related to feeding jejunostomy placement, with consideration of parenteral nutrition as an alternative route if nasojejunal tube feeds are not able to be administered.
